PHYSICAL TREATMENT

Milwaukee, Wl - Storage

The Humboldt Avenue storage tank in Mliwaukee serves approximately 231 ha
(570 acres) out of a total of 7000 ha {17,300 acres) of combined sewer area
in the city. The unit Is designed to handle a 1.3 em (0.5 in.) rainfali
utilfzing 15,140 cu m (4 million gal.) of storage. Thus, scaling up the
storage volume for the entire combined sewer area for a unit ralnfall anal-
ysis (2.54 cm [1.0 in.]), a total storage volume of 912,185 cu m (241 mlilion
gal.) would be required (36,37). Since this type of detention tank Is
equipped with mixers, the raw suspended solids concentration is usually the
same as the pump/bleedback concentration. However, when the storage tank has
its capacity exceeded, the mixers are not operated and the tank functions
similar to a sedimentatlion basin. When thls occurs {t becomes possible for
the pump/bleedback concentration to be higher than the raw discharge. The
average raw flow concentration of suspended solids at Humboldt Avenue is
estimated from operating records to be 192 mg/l.

The metropolitan Milwaukee area is served by two sewage treatment plants--the
Jones Island Plant and the South Shore Plant. The Jones island Plant is the
major plant and handles almost all of the city's combined sewer areas and
therefore, will be the subject of this feaslbility analysis. The treatment
consists of primary screening (instead of primary sedimentation) followed by
the conventional .activated sludge process, and chlorination. Primary sludge
(screenings) is incinerated. The waste actlivated sludge is gravity thickened,
vacuum fliltered, and then processed Into fertilizer (Milorganite). Data from
1970-1973 indicated that the plant had an average daily flow of 650,263 cu m/
day (171.8 mgd) with average raw flow concentrations of 236 mg/l suspended
sollds, (153,517 kg/day {338,143 1bs/dayl]), and 232 mg/1 BOD, (151,565 kg/day
[333,845 1bs/dayl).

Examining the concept of pump/bleedback of the contents of holding tanks
serving the entire combined sewer area over various durations of time, the
following percentage Increases In hydraulic loading and solids loading
would result.

Percentage Increases

Bl eedback duration Hydraulic loading Seiids loading
6 brs 561 hse
12 hrs 281 229
24 hrs 140 114
48 hrs 70 57
72 hrs 47 38
96 hrs 35 28

The Jones Island Plant can handle approximately 757,000 cu m/day {200 mgd),
therefore, the shortest duration of time In which the tank contents could be
pumped or bledback would be 96 hours. The sludge handling capacity at the
plant is 199 metric tons per day (220 tons/day), and the facillties run near
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design capacity at all times. |If the 96 hour pump/bleedback duration was

used the increase in solids loading during this period would be 28%.

Obviously the only way thls additional solids locading could be handled is

by constructing additional solids handling facilities for this excess material.

As part of this study a sample of the mixed contents in the storage tank was
taken and allowed to settle (see Sectlon 1V), The initial sample had a sus-
pended solids concentration of 181 mg/l and the settled sludge compacted to
17,400 mg/1, occupying 0.9% of the original volume, resulting in a SVI of

50 mi/am. |f the solids were allowed to settle in this manner and the super-
natant pumped or bledback to the treatment plant, the hydraulic loading on

the dry-weather treatment plant would be almost identlical to that described
earlier for pump/bleedback of the entire contents. However, if the superna-
tant had a suspended sollds concentration of 35 mg/1, as found in the settiing
tests, the Increase in solids loading would be as follows:

Bleedback duration % increase in solids loading
6 hrs 83
12 hrs 42
24 hrs 21
48 hrs 1}
72 hrs 7
96 hrs 5

From this data it would appear that pump/bleedback to the dry-weather treat-
ment plant of the supernatant from sett)lng would be possible from a solids
loading conslderation over a period of more than two days. However, the
limiting factor in this case would be the hydraulic loading.

The settled siudge at a sollids concentration of 1.75% would constitute a
volume of 8,213 cum (2.17 million gal.) resulting from a rainfall of 2.54 cm
(1.0 in.). Direct hauling of this volume of sludge would appear to be both
very expensive {(at 2.64¢/liter [10¢/gal.] this would amount to $217,000) and
logistically be impractical. Therefore a further solids concentration step
would be required.

It was found from the bench scale testing (Section V1) that centrifugation was
the optimum dewatering method., It is estimated that a settled sludge of 1.74%
can be increased to 30% solids through centrifugation with polymer addition.,
The centrate quality should have a suspended sollds concentration of
approximately 110 mg/1 and the volume of centrate would be 7,835 cum (207
mitlion gal.). |If this material ware to be bledback, the increase in sollds
and hydraulic loading would not be significant. The solids at a 30% concen-
tration from the centrifuge will amount to a volume of 363 cu m (96,000 gal.)
which can be directly hauted to ultlmate disposal at a reasonable cost,

probably less than $10,000 as opposed to the $217,000 cost of haullng the
raw sludge.

A unlque consideration for Milwaukee !s the fact that their waste activated
studge is converted to a commerclal fertilizer known as Milorganite. Thus,
even If the sewerage system and scllids handling facilitles were adequate to
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handle the solids being bledback, the effect on the ferlllzer productlon
process may be the most significant.

Cambridge, MA - Detention

The detention tank used to treat combined sewer overflows in Cambridge, MA
known as the Cottage Farm facility, is actually a combination storage/
chiorination and ''rough' sedimentation tank. The total holding volume of tha
factllity is approximately 4,920 cu m (1.3 million gal.) with the storage/
chlorination tanks having a volume of 4,550 cum {1.2 million gal.). The
facllity was designed to handle an average of 22 overflows per year ranging
from 1,514 to 302,800 cu m (0.4 to 80 million gal.) with an average overflow
volume of 23,845 cum (6.3 million gal.) and a total of 15% of the overflow
being retained (12). The design criteria used In choosing the 15% total cap-
ture is not fully understood. During actual testing of the facility the

average overflow was 33,308 cum (8.8 milllon gal.).

The detention facllity receives overflow from a combined sewer area of 13,500
ha (33,333 acres); however, there are many overflow poihts from this system
In addition to that discharging Into the detention facility. There are only
an additional 1,270 ha (3,136 acres) of combined sewers present which are not
connected in any way to the Cambridge overflow facility., Thus, there are a
total of 14,770 ha (36,470 acres) of comblned sewered area out of a total of
105,624 ha (259,911 acres) of sewered area in the metropoiitan area,

However, many of the combined sewers are In the process of belng separated.

Using the unit rainfall analysis, 2.54 em (1.0 in.) of rainfall will result

in an overflow volume {assuming 50% of the rainfall results in overflow) of
1.87 mitlion cu m (495.3 million gal.). Extrapolating on the 15% retention
volume used in the demonstratlion system, the resulting holding volume would

be 280,000 cu m (74.3 million gal.) and the bypass volume would be 1.5%
million cu m (421.0 million gal.). During the actual overflow period when

the sludge samples were taken and analyzed as part of this study, the raw
flow had a suspended solid< concentration of 165 mg/l and the effluent concen-
tration was 93 mg/t. Tt- settled sludge had a concentration of 4.4%. Thus

If the same remcval efficiencies and sludge concentrations are applied to

the unit ralnfall analysis, a total of 161,191 kg (355,046 Ybs) of solids
would be produced and 3,671 cu m (968,000 gal.) of sludge at a 4.4% concen-
tratlon would result. It must also be noted that this hypothetlical example

s based on the allowance that 1.59 milifon cu m (421 mililon gal.) of overflow
be discharged to the receiving body of water after chlorination, and the
suspended sollds concentrations would be about 100 mg/1 in the effluent.

There are two treatment plants, the Deer Isltand and Nut Island plants, serving
the entire 105,624 ha (259,911 acre) metropollitan area (38). However, the
Cottage Farm facility drains to an Interceptor sewer leading to the Deer

Island treatment plant. This plant has an average design capacity of

1,298,255 cu m/day (343 mgd), with a maximum 24 hour capacity of 2,172,590 cu m/
day {574 mgd). Treatment consists of screening and grit removal {located at
dlscrete headworks where the feeding sewers terminate), pre-chlorination,
pre-aeration, primary sedimentation, and post chlorination. Sludge treatment
consists of gravity thickening, anaerobic digestion and ocean disposal.
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The sludge handling capacity is I,514 cu m/day (0.4 mgd). During 1973 the
average dally flow to the Deer |sland Treatment Plant was 1,298,255 cu m/day
(343 mgd) and the average dally sludge production was 1,200 cu m/day (0.3 mgd)
or 34,600 kg (188,000 1bs).

Examining the feasibility of pump/bleedback as opposed to on-site treatment

of the sludge, it Is obvious that the existing plant could easily handle the
addltional hydraullc loading of 280,000 cum (74.3 million gal.)} in a period
of 24 to 48 hours. The excess sludge handling capacity is approximately
18,160 kg/day (40,000 1b/day). Thus pump/bleedback of the tank contents at
the rate of 18,160 kg/day (40,000 1bs/day) would take approximately nine days.
Pump/bleedback at the rate of 22,700 kg/day (50,000 ths/day) and 27,240 ka/day
{60,000 tbs/day) would reduce the required time to seven days and six days,
respectively. For overflows having lower solids concentrations the pump/
bleedback concept wouid take proportionately less time.

From the above calculations, it appears that the concept of sludge pump/
bleedback to the dry-weather treatment plant may be feasible; however, it

must be noted agaln that only 15% of the tota) overfiow is retained and of

the 85% of the overflow still discharging to the receiving body of water, the
suspended solids concentration would be approximately 100 mg/1. [t was also
assumed that the sollds belng pumped or bledback were held in suspension In
the sewerage system and did pot settle out before reaching the treatment plant.

Although it has just been shown that pump/bleedback from this type of system
may be feasible in Cambridge from a hydraulic and sollds loading standpoint,
the practicality of sludge pump/bleedback has not been examined, The Deer
Island treatment plant has a raw sludge volatile soll{ds percentage of 70.4
and a digested sludge volatile percentage of 47.7. The volatile percentage
of the sludge analyzed from the Cottage Farm facility was 37.6 while the sus-
pended solids content of the settled sludge on the bottom of the detention
tank was 4.4%,

Another signlficant concern when studying the possibility of sludge pump/
bleedback that Is especially sianificant in the case of Cambridge is the
heavy metal concentrattons. With the exception of mercury, the heavy metal
concentrations are very high, and in some cases an order of magnltude higher
than the concentrations found at other sites. Below are the heavy metal and
analytical results:

Wet basis, mg/l Dry basis, mg/kg
Zinc 120 ah6
Lead 160 1,261
Copper 96 757
Nickel 16 126
Chromium 33 260
Mercury 1.55 0.01
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Even if a 1:100 dilution were to occur during pump/bleedback, the synergistic
effect of the heavy metals may upset treatment or digestion. Also if a
majority of the heavy metals were found to be in the particulate form, then
the high concentrations would be very dangerous to digestion.

Centrifugation of the settled sludge was found from the laboratory tests to be
the most optimum method of dewatering with an expected solids concentration of
20% at 90% recovery and a sludge volume reduction of 89%. Thus, [f the settled
sludge produced from the treatment of a 2,54 cm {1.0 In.) rain, which is
calculated to be 2,671 cu m (968,000 gal.) at a 4.4% solids concentration,

were subjected to centrifugation, this would result in a centrate volume of
3,267 cum (861,500 gal.) at approximately 2,500 mg/1 suspended solids concen-
tration of 20% suspended solids. Assuming that ocean disposal of sludge is
permitted there would be two apparent alternative methods of solids handling.
These would be 1) sludge pump/bleedback to the sewerage system and treatment
plant or 2) direct disposal from the treatment site to the ocean. The only
way the second choice would be considered the most attractive alternative would
be if it was felt that pump/bleedback to the sewerage system wou'ld cause

severe solids deposlition or {f the bledback sludge would receive no benefit

by going through digestion and eniy reduce the effective digestion volume
available for the normal treatment plant sludge.

If ocean disposal is not permissible It will be necessary for not onty the
sludge from the detention facllities but also the sludges from the dry-weather
treatment plant to be dlsposed of on land in some form. Therefore it would

be necessary to take the digested sludge now being transferred to sea and put
this sludge through a further dewatering step(s) before finally disposing of
it on the land, Again there are two alternatives {f ocean disposal is not
permitted. These are 1} sludge pump/bleedback to the sewerage system and
treatment ptant with the sludge being thickened, digested, dewatered and
disposed of with the normal treatment plant sludge and 2} on site sludge
centrifugation followed by disposal with the centrate bledback to the sewerage
system. The objectives to the first alternatives are the same as In the
previous cases. However, assuming pump/bleedback 1s feaslible, the comparison
between the two alternatives s whether It Is more economical to re-thicken,
digest, and dewater the siudge at the treatment piant or to centrifuge the
studge at the detention tanks and dispose of it. Also, If the sludge

were to be sent back to the dry-weather treatment plant there is the
possibility that some of the grit would not be removed by the existing grit
facilities and therefore additional classification equipment may be required.
It is estimated that the operatling costs for centrifugation would be 8h¢/cu m
(0.32¢/gal.) or 2¢/kg (0.91¢/1b). This cost does not include amortization of
the capital equipment costs. The operating cost would then have to be com-
pared to the handling costs at the treatment plant and the lesser chosen.

This type of comparison assumes, however, that land disposal of the centri-
fuged sludge (at 37% volatlie solids) would be permissible without any diges-
tlon or oxidation step such as lime stabiilzation. It is estimated that the
land disposal costs of the dewatered sludge would be approximately the same
for both alternatives. Some recent land {or alternative) disposal method
costs are listed below (39).
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Cost range

Met hod ¢/%g %715
Pipeline to land 0.55 - 2,20 0.25 - 1.0
Trench to land 2,20 - 0.50 1.0 - 2.8
Rai! to land 3.30 - 11,0 1.5 - 5.0
Drying 3.3 -~ 5.5 1.5 - 5.0
Compost 0.55 - 1.1 0.25 ~ 0.5
Incineration 4.4 - 5,5 2.0 - 2,5

Philadelphia, PA - Screening

Studying the feasibility of on site treatment compared to sludge pump/blesdback.
for the treatment system being tested in Philadelphia requires a great deal of
data synthests since the flow capacity and drainage area of the study site is
so small compared to the large combined sewer area In the City of Philadelphia.
The 23 u microscreening unit In operation has an average design capacity of
1000 1/min/sq m {25 gpm/ft2) and serves an area of 4.5 ha (11.1 acres). The
entire sewered area of metropolitan Philadelphia is 92,600 ha (228,600 acres)
with the combined sewer area being 64,800 ha (160,000 acres). Using a unit
rainfall analysis (1.0 inch {2.54 cm]) with the assumption that half of the
ralnfall results In overflow, the total overflow volume treated would be
8,221,020 cum (2,172 million gal.). From actual operating data (40) it Is
estimated that a backwash sludge volume of 520,000 cu m (137 miliion gal.)}
would be produced at a suspended solids concentration of 2,000 mg/1 resulting
in a dry solids production of 1,045,000 kg (2,300,000 lbs).

The metropolitan Phlladelphia area is served by three sewage treatment plants-~
the Northeast, Southeast and Southwest plants. The Northeast plant, which has
secondary treatment, has a design capacity of 662,375 cu m/day (175 mgd) and
in 1972 the average dally flow was 681,300 cu m/day (180 mgd). The siudge
from the plant is digested and then barged to sea for ultimate disposal,
During 1972 the average daily sludge production was 2,157 cu m/day (0.57 mgd)
with an average suspended solids concentration of 4.4% (94,962 kg [209,167 1b]).
The other two treatment plants consist of only primary treatment with a
cumulative design flow rate of 1,029,520 cu m/day (272 mgd), and an actual
cunulative flow rate of 991,670 cu m/day (262 mgd) during 1972. The sludge
from the Southeast plant is piped to the Southwest plant where 1t is digested,
centrifuged, and then lagooned prior to barging. During 1972 the cumuiative
sludge production was 3,255 cu m/day (0.86 mgd), with an average suspended

sol ids concentration of 5.4% {175,850 kg [387,310 1bs]). The combined solids
handl ing capacity of the plant is estimated to be about 20% higher than
actually used in 1972, However, there presently exists a restriction agalinst
increasing the amount of sludge barged to sea, which In effect msans that

any additional sludge produced by the City of Philadelphia will have to be
disposed of by an alternate means.

Studying the feasibility of sludge pump/bleedback to the Philadelphia treatment
plants for digestion purposes, with alternate disposal belng other than to the
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ocean, the increases In daily solids productlion are as follows for various
pump/bleedback periods:

Pump/Bleedback duration
days % increase in solids

385
127
76
54
h2

O S VT W —

It would appear that the shortest pump/bleedback duration possible, with a
slight overload on the dry-weather treatment plant, would be at least nine
days. This length of time would allow the possibility of odoriferous con-
ditions to occur and the sollds would surely settle out {n the backwash
holding tank (unless some means of aeration were tmplemented). The settling
of the solids would have no significant effect (other than a higher pump/
bleedback concentration when the bottom sludge was belng removed) provided
that provisions for the removal of the sludge were made.

Once the sludge is digested at the treatment plant, the sludge in excess of
the present daily production must be split off and disposed of in some other
manner than ocean disposal. Regardliess of the alterpate type of disposal
chosen some type of dewatering step will most likely be utilized to minimize
disposal transportation costs. It is calculated for Philadelphia's annual
rainfall of about 102 cm (40 in.) that the welght of sludge produced from
comblined sewer overflow treatment by microscreening would be approximately
38% of the total annual sludge produced by the existlng treatment plants.
Even If only half the annual overflow In the CS0 area were treated, the
weight of sludge would still be 19% &6f Philadelphia's annual production.

Since these additional dewatering faclllities will be required either at the
combined sewer overflow sftes themselves or on the grounds of the conventionatl
treatment plants, the major factors in deciding where the solids handling
facilities should be located would be the effect of the extra solids on the
dry-weather plant (primary sedimentation sludge removal facilities), the ne~
cessity of digestion, and the cost of many separate sludge handling faclllitles
compared to one or two facilitles located at the dry-weather treatment plants.

The obvlous effect on the dry-weather treatment plant Is the increased sollds
ioading resulting In an increased sludge volume which must be handled, thus
reducing the effective processing time for the conventional plant dry~weather
sludges. In the case of the combined sewer overflow sludge at the Philadelphla
test site, as Is the case for most sites, the volatile percentage of the
suspended solids was very low (25%). From this fact It can be seen that
conventional aerobic or anaercbic digestlon will have little effect on reducing
the volatlle content of thls sludge. Thus, pumping or bleeding the sludge

back to the treatment plant will only displace volume In the digesters and
reduce the effective dlgestion perlod of the conventional plant soiids,
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One method of reducing the volume of wet weather sludge that would utilize
dry-weather sludge digestion facilitles would be to degrit the wet weather
sludge prior to digestion. By degritting, much of the inert material (that
not amenable to digestion) could be separated prior to digestion, thus greatly
reducing the ultimate volume of wet weather sludge to be handled. Obviously,
the optimum location for degritting this sludge would be at the wet weather
treatment site itself, prior to pump/bleedback into the sewerage system.
However, in actual application it would have to be determined if the highly
Inert wet weather sludge were discharged into the sewerage system and diluted,
would the inert material In fact be removed by the conventional grit removal
facillitles at the dry-weather plant.

Regarding the matter of cest, it is obvious in the case of solids handling
that the larger the capacity of the faclllity, the lower the unit cost will be.
However, in this particular case, If 1t Is assured that digestion Is not
required for the combined sewer overflow produced sludges, it would still be
necessary to Increase the slzes of the digestion equipment at the conventional
treatment plant unless degritting facilitles were constructed, since the
combined sewer overflow sludge would be mixed with the conventional plant
sollds. |If on-site treatment of the solids were utllized, only thickening
and centrifugation or vacuum filtration would be required. The sollds could
then be transported to ultlimate disposal,

The thickening process could serve a dual function by acting as a holding tank
{or vice versa), vhus reducing the flow rate to the dewatering process and
resulting In a smaller capacity unit. Also, an economlc study could be
performed to determine 1f a centrally located dewatering facility, with the
sludges from the combined sewer overflow sites being pumped to this site,
could be constructed and operated at a lower cost than discrete on-site units,

Thus for the case of Philadelphla, a la=qge clty with a high percentage of its
dralnage area being served by combined sewers, a pump/bleedback of solids
produced from combined sewer overflow treatment does not appear to be the
obvlous solution for handling the wet weather sludges. The optimum solution
can only be determined by comparing the specific costs of on-slte treatment
facilities versus the facilities needed for pump/bleedback., Figure 42
11lustrates the requirements of either alternative.

PHYSICAL CHEMICAL TREATMENT

Racine, Wl - Screening/Dissolved-Ailr Flotation

The combined sewer overflow facillties In Racine, Wl from which sludge samples
were obtalned for this study utilize the screening/dissolved-air flotation
process. The facllities consist of two adjacent but separate treatment plants
having capacities of 166,540 cu m/day (44 mgd) and 52,990 cu m/day (14 mgd}
for a combined capacity of 219,530 cu m/day (58 mgd}. The units serve a
combined sewer area of 190 ha (470 acres) and are designed to handle a 1.27
em/hr (0.5 in./hr) rainfall, The floated scum from the flotatlon units plus
the screen backwash Is retained in holding tanks untl) after the level in the
Iinterceptor sewer leading to the treatment plant drops to such a level that
the tanks can be bled into the Interceptor.
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Alternate 1

ON-SITE TREATMENT

€SO SLUDGE

Holding Fac I\L ity (Thlckener)
4
L—Aeration
>,

Centrifugation

e —— —

Stablllzationz(e.g. 1 tme)

L

Ultimate Disposal

Alternate 2

PUMP/BLEEDBACK

€S0 SLUDGE
Holding Facillty
Aeration
Degrltting3
Pump/Bleedback
3

Degritting

Expansion of Primary Sedimentation
and Sludge Removal Facilitles

Increase Digester Faclllitles

Ultimate Disposal

Depending on the design rate of the centrifugation facility.

May or may not be needed, depending on regulations.
Degritting facilitles only required in one of the two locations shown.

Figure 42. Comparison of the requirements of
on-site treatment of wet weather sludges versus
pump/bleedback to the dry-weather treatment plant
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The existing dry-weather treatment plant serving the City of Racine consists
of full primary treatment rated at 87,055 cu m/day (23 mgd) and secondary
treatment (actlivated sludge) rated at 45,420 cu m/day (12 mgd). During the
calendar year of 1973 the average daily flow was 91,597 cu m/day (24,2 mgd).
Waste activated sludge is returned to the primary sedimentation tanks where
it is settled out with the primary sludge and this sludge is then anaerobic-
ally digested and vacuum filtered. The sludge is then disposed of at a land-
fitl site. The total volume of the two stage digestion system is 7,570 cu m
(2 mg). In 1973 an average of 341 cu m/day (90,090 gal./day) of sludge at a
solids concentration of 7.48% resulting In 25,450 kg/day (56,080 1b/day) of
dry solids was produced.

Scaling up the screening/dissolved alr flotation units to treat the entire
combined sewer overflow area (284 ha [701 acres]) for a 2.54 cm (1.0 in.}
raingall, the volume of overflow is estimated to be 35,957 cum (9.5 miltion
gal.).

From operating experience at the combined sewer overfliow treatment sites in
1972 and 1973 it is estimated that 1,798 cu m (0.47 million gal.) of sludge
at a suspended solids concentration of 8,400 mg/! would be produced. it
should be noted that the low solids concentration Is caused by mixing the
floated scum and screen backwash. The floated scum alone can be expected to
have a solids concentration of 2.4%; however, the dilute screen backwash
(<3000 mg/1) causes the resultant sludge in the holding tanks to be of very
low solids concentration.

Examining the feasibility of sludge pump/bleedback in Raclne, it is obvious
that the 1,798 cum (0.47 miliion gal,) of sludge at a concentration of
8,400 mg/1 could be handled by the dry-weather plant over a one to two day
period with no significant increase in flow. However, at the present time
the average daily flow to the treatment plant is greater than design, so even
though the flow would be a small percentage increase, it would be flow above
the capacity of the plant. From a solids loading standpoint, the bleedback
of 14,982 kg {33,000 1bs) of solids would represent the following percentage
Increase:
% Increase
Pump/Bleedback Period, days In sollids

59
29
20
15
12
10

v W N -

From the above data it would appear that sludge pump/bleedback would be
feasible over a period of greater than two days. However, at the present
time the digestlon and solids handling capacity of the Racine treatment plant
is rated at 22,700 kg/day (50,000 lbs/day). Therefore, the plant is already
operating above capacity and theoretically could not handle any more solids,
thus necessitating on-site treatment of the solids. However, the Racine
treatment plant is scheduled to undergo expansion in the near future and the
possibility of utilizing sludge pump/bieedback of the combined sewer overflow
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studge woutld be greatly improved {f the new solids handling facilities had
the capacity to handle these extra solids.

Making a rough economic comparison of the costs (capital and operating) of
building additional solids handling facilities at the existing dry-weather
plant versus bullding a centrallzed wet-weather sludge facility, the data gen-
erated by Burd {21) in 1968 can be used. Although these costs are outdated,
they are valid for use in making a relative comparlson assuming equal escala-
tion of all costs. The additional dry-weather sludge handling faclilities
(including thickening, digestion, dewatering and landfilling) are estimated to
have an annual caplital and operating cost of 1.1-5.5¢/kq dry solids ($10-50/
ton} with an average cost of 2.8¢/kg ($25/ton). This cost does not reflect
any additions for degriting facilities which may be necessary. However, If
degriting facilities were used, the amount of sclids sent on to further
digestion and dewatering would be reduced, thus lowering those costs.

A centralized wet weather sollids handling facility consisting of thickening,
centrifugation and landfilling Is estimated to have an annual capital and
operating cost of 0.8¢-5.0¢/kg dry solids ($7.5-$45/ton) with an average cost
of 2.0¢/kg ($18/ton). Although the cost for on-site treatment of the solids
is shown to be 0.8¢/kg ($7.5/ton) cheaper than construction and operation at
the dry-weather plant, It must be realized that no provisions were made for
stabillzing the highly inert (only 40% volatile) wet weather sludges. If
stabilization [s required, then the assoclated costs for this process must
be considered.

If on-site treatment were utilized for solids handling, it Is calculated that
by subjecting the screen backwash to thickening, the net volume of sludge to
be handled can be reduced to 378 c¢u m (0.1 million gal.) with the supernatant
from thickening being returned to the sewage treatment plant. This 378 cum
(0.1 miltion gal.) at a suspended solids concentration of 4.1% would be
dewatered by centrifugation to an expected cake solids of 11-33% at 93-96%
corrected recovery, At the expected cake solids the ultimate sludge to be
disposed of would be reduced to a volume of 50-150 cu m (0,013-0.04 million
gal.). Over the course of a year, based on an estimated 75 cm (30 in.) of
rainfall, the totai volume of sludge to be hauled to land disposal wouid be
1500-4500 cu m (0.4~1.2 million gal.) Of course the volume of sludge to

be handled would be proportionately less for any amounts generated by less
than 75 cm (30 in.) of ralnfall If it were decided to treat less.

Milwaukee, W] ~ Dissolved-Air Flotatlion

The dissolved-alr flotation combined sewer overflow treatment site in
Milwaukee, (the Hawley Road site) is a 18,925 cu m/day (5 mgd) pllot unit

and served as the forerunner of the system constructed in Racine, Wl. The
system does in fact contaln a screening unit, as in Racine, but since this was
a pllot facility, the screen backwash flows directly to a sanitary sewer near
the treatment site. Therefore, the screen backwash was not mixed with the
floated scum from flotatlon and was not part of the laboratory tests, hence
this case 1s being studied as only dissolved alr flotation. This assumption
Is certainly valld sihce the screenings, in a full scale application, would
probably have a very high arit content and could be etutriated and disposed of
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directly to a landfill site. However, as seen by the Philadelphia discussion
earlier, if a final study were being performed to decide which alternative
would be optimum, serious consideration would have to be given to the volume
and weight of solids in the backwash.

The sewage treatment facilitles in Milwaukee were described earlier In this
sectlon, and of course apply to this analysis also. |In summary, the average
dally flow at the treatment plant Is 651,020 cu m/day (172 mgdy with a dally
solids loading of 153,517 kg/day (338,143 1b/day) and the waste actlvated
sludge from secondary treatment {s ultimately marketed as fertilizer.

Using the unit rainfall analysis as the basls for comparison, it is calculated
that a 2.54 ¢m (1.0 in.) rainfall over the 7,000 ha (17,300 acres) of combined
sewer area would result in a treated overflow volume of 885,690 cum (234
million gal.). From this It is estimated that the flotation process would
produce about 3,200 cu m (0.85 milllon gal.) of sludge at a sollds concentra-
tion of 3.65% for a total dry welght of 116,919 kg (257,630 1bs). The
calculated increase in solids loading at the Jones Island treatment plant

for various pump/bleedback durations would be as follows:

Pump/bleedback period % Increase
days in solids

76
38
25
19
15
13
i

I v W N -

Based on the premises that the sludge could be transported to the treatment
plant in the sewerage system without settling, and that the solids could

be removed at the treatment plant, then the slight excess capacity for solids
handling at the Jones |sland treatment plant would make pump/bleedback
feasible over approximately a four day perlod. Agalin {t s noted that the
screen backwash has not been considered.

However, the logistic feasibility of pumping or bleeding back this studge
becomes questionable when It is considered that the sludge has already
achleved a sotids concentration of 3.65% In the flotation process. It appears
to be somewhat a wasted effort to dilute these soltids in the sewerage system
and then use space in the gravity thickener at the Jones Island treatment
plant to re-thicken these scolids to thelr orlginal state. It should also

be noted that the Jones Island treatment plant utilizes grit chambers followed
by screening, rather than primary sedimentation, and the solids pumped or bled
back that were removed in screening would be subjected to incineration. The
fuel value of the floated scum at Hawley Road was determined to be 1,654
cal/gm (2996 BTU's/1b)}, which Is not especially good for inclneration purposes.
However, if upon further study it was found that the pumped or bledback sludge
going to and being removed in the final clarifiers contained significant
concentrations of nitrogen and phosphorus, then the sludge may prove
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advantageous in the production of Mllorganite. However, again it is found
that the volatile sollds percentage of the sludge Is on the low side, 32%,
and this casts doubt upon the quality of thls material as a fertilizer. It
also Indicated that the sludge may have a high grit content and therefore
expansion of the existing grit removal facilities would probably be requlired
if the sludge were to go to the dry-weather plant.

The type of on-site treatment chosen as best in the laboratory testing was
direct centrijfugation of the floated scum. The bench scate tests indicated
that a 20% cake soilids could be achieved, with a centrate suspended solids
concentration of 200 mg/1 through centrlfugation. The cake sollds would have
to be hauled to a land site for ultimate disposal.

San Franclsco, CA - Dissolved-Air Flotation

The combined sewer overfiow prototype unlt In San Franclsco is similar to
those found in Racine and Milwaukee, W! with the exception that screening

does not precede flotation. The test unit serves an area of 68 ha (168 acres)
while the entire drainage area of the clty (all of which is served by combined
sewers) is 12,150 ha (30,000 acres). Applying the unit rainfall analysis

an estimated overflow volume of 1,540,500 cu m (407 million gal.) would be
produced., Estimating the volume and sollds concentration of the sludge
produced for this test site was very difficult. The grab sample taken of

the floated scum during this project had a suspended sollds concentration of
2,25%, however, operating data from the San Franclisco slites indicates that a
float concentration of 1000-2000 mg/1 can be expected. Also, the combined
sewer overfiow at the San francisco site has a very low average raw suspended
solids concentratlon and thus the net suspended solids removals are only in
the range of 20 mg/1.

For a volume of 1,540,500 cu m (407 million gal.) this 20 ma/1 would amount

to 30,821 kg (67,800 1bs) of sollds. At a concentration of 1,000 mg/1 this
would be a volume of 30,772 cu m (8 millton gal.) and at a 2.25% concentration
the volume would be 1,363 cum (0.36 million gal.).

The metropelitan San Francisco area Is served by three separate primary
sewage treatment plants with a total design capacity of 1,135,500 cu m/day
(300 mgd). An estimated 57,000 kg (125,000 lbs) of solids are gravity
thickened, anaerobically digested, and vacuum filtered {to a solids concen-
tration of >25%) before being disposed of in a landfill or used as a soil
conditioner. The volume of sludge produced from combined sewer overflow
sites (1,363 or 30,772 cu m [0.36 to 8 miliion gal.]) could be pumped or bled-
back to the treatment plants without any hydraulic problems. Although the
present solids handling facilities at San Francisco are running at capacity,
pump/bleedback of the 30,831 kg (67,880 1bs) of solids over a two to three
day period would only increase the loading on the solids handling facillties
by a matter of about 15%. However, an especially important aspect of pump/
bleedback which must be considered in the case of San Francisco is the solids
removal efficiencies being achieved at the treatment plant. In San Fran-
cisco, the weighted average removal of suspended solids |s approximately

50%. Assuming these removal efficlencies held true during perlods of sludge
pump/bleedback, then half of the sollds which were removed at the combined
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sewer overflow facilities would escape in the effluent from the dry-weather
treatment plant.

Ironically, although the hydraulic and solids loadings appear to be feasible
In the case of the San Francisco test site, the low suspended solids removals
achieved at the dry-weather treatment plant wouid make solids pump/bleedback
impossible. Thus for San Francisco it would appear that on-site treatment is
necessary In order to make the effort put into treating the combined sewer
overflow worthwhile. The on-site treatment process found to be best for

San Francisco consisted of thickening followed by vacuum filtration. Since
the sollds produced from the treatment of the combined overflow must be stored
on-site until the flow rate in the sewer decreases [f pump/bleedback is going
to be utllized, the thickener requirements are not really an extra cost.
However, if the concentration of the flotation scum can be consistently In

the vicinity of 2% rather than 1,000-2,000 mg/1, the size of the holding tank
cauld be greatiy reduced. It ls estimated that utilizing vacuum filtration on
the floated scum In excess of 2%, a cake of 18% sollids could be achleved.

This would result in net volume of <171 cum (45,000 gal.) of sludge to be
hauled away. If the scum from flotation is very dilute and must be thickened
to 0.5-1.5% prior to vacuum filtration, it is estimated that the cake solids
produced would be 10-20%. This would result In a volume for dlsposal of
150-300 cu m (40,000-80,000 gatl.),

BIOLOGICAL TREATMENT

Kenosha, W - Contact Stabilization

The combined sewer overflow treatment system tested In Kenosha is significant-
ly different than those discussed earlier In this report because it i{s located
on tha same grounds as the existing conventional dry-weather treatment plant.
In fact, since the system utillizes biologlcal treatment It depends on the
dry-weather plant as a source of active biomass. Waste activated sludge from
the dry-weather treatment plant is contlnuously fed through the combined sewer
overflow treatment system stabillzation tank, where it has a hydraulic
retention time of approximately five days before going on to flotation
thickening, When the comblned sewer overflow treatment system Is put Into
operation, the contents of the stabilization tank are pumped to a contact tank
(mixed 1iquor aeration) instead of to thickening. A complete description of
the system operation can be found in Appendix A.

The conventional dry-weather treatment plant at Kenosha is a 87,055 cu m/day
(23 mgd) activated sludge process, Waste actlvated sludge, approximately

314 cu m/day (0.083 mgd? at a solids concentration of 1.47% (approximately
4,540 kg/day (10,000 1b/dayl) is flotation thickened to about a 5% sollds
concentration before goilng on to anaeroblc digestion. The digested sollids are
then further dewatered by means of a fllter press.

The total dally loading on the dlgesters, primary and waste actlvated sludge
combined, is 190 cu m/day (0.05 mgd) resulting in a dry solids weight of
11,035 kg (24,307 lbs). When the additional loading of solids due to
combined sewer overflow treatment Is considered, the stablilization tank must
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be examined as the source of these solids. This Is due to the fact that the
contact stabllization process does not uttllze any primary sedimentation,
therefore all sollds, both particulate matter and salubles converted Into
biomass, settle out in the final clarifter as part of the siudge blanket,
This sludge is then returned to the stabilization tank as part of the waste
sludge. The excess solids produced as a result of the treatment of the com-
bined sewer overflow wiil either cause an Increase in the blanket depth of
the final clarifier necessitating an increase in the flow rate to the stabil~
ization tank, or cause the sludge blanket, and thus the sludge pumped to the
stablfllzation tank, to have a higher solids concentration.

The entire sewered area of Kenosha is 3,735 ha (9,222 acres) of which 539 ha
(1,33) acres) are combined. Assuming the excess flow can be conveyed to the
treatment plant and that adequate combined sewer overflow treatment facilities
can be constructed, it is estimated that a 2.54 cm (1.0 in.) rainfall would
result In an excess flow volume of 68,130 cum (18 mg). From actual operating
data in Kenosha (36) it is estimated that the treatment of this volume would
produce 23,850 kg (53,530 1bs} of solids which constitutes a volume of 2,384
cu m (630,000 gal.) at a concentration of 1%. Also, the sample of the sludge
analyzed as part of this study had a relatively high volatile solids percent
{63.0), thus necessitating digestion before going to land disposal,

The alternatives available in the case of Kenosha are not really whether pump/
bleedback Is feasible or not, but rather whether the existing form of sludge
hand) ing should be expanded and utilized or whether an alternats method should
be emploved for sludge handling. This Is the case for centrally located wet
weather systems as opposed to satellite treatment systems which face the pump/
bleedback question. Therefore, there appearsto be three actual alternatives;
1) enlarge as necessary the existing flotatlon thickening, digestion, and de=-
watering factlitles, 2{ bulld completaly separate thickening and dewatering
facl1ltles (assuming digestlon Is not required) or 3) use some of the exlsting
sludgs handling facilities and also construct some additional new facilitles.

Assuming that thls excess sludge must be subjscted to digestion, and based on
the fact that the exlsting digesters are already at capaclty, It appears
obvious that additional digesters would be required. However, 1972 operating
data from the Kenosha treatment plant i{ndicated that the flotation thickeners
were only operated at an average dally loading of 20 kg/day/sq m (4.1 1b/day/
ft<) (£3}. 1f it Is estimated that loadings of up to 100 kg/day/sq m (20 ibs/
day/ft¢) are possible (13), then the existing thickeners could easily handle
the additlonal solids within two days. Thus, only additional digesters would
be needed since the filter press facilitles are also capable of handling the
excess solids.

If digestion is not required, it would appsar from the bench scale testing
done that thickening followed by vacuum filtration or centrifugation would
be the optimum combinatlion to utiiize. With elther procedure a cake sol!ids
concentration of at least 15% should be attalnable. This would reduce the
volume of sludge to be ultimately disposed of from 2,384 cu m (630,000 gal.)
down to approximately 159 cum (EZ,OOO gal.). Agafn, as In the case above,
the exlsting flotation equipment could be utllized with new dewatering
facilities provided. It should be noted here that If the thickened solids
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coultd go stralght to dewatering prlor to disposal, the feasibility of
utilizing the excess filter press capacity for dewatering the undigested
sludge should be tested and the results compared to those obtained In the
tests for dewatering undigested sludge by means of vacuum filtration and
centrifugation. Another aspect of the Kanosha system which could possibly
rerider digestion unnecessary is the fact that the stabllization tank also
serves as an aeroblc digester, Therefore, if the excess solids produced as a
result of combined sewer overflow treatment were withdrawn from the stabili-
zation tank over a perlod of more than two days it can be expected that a
significant destruction In the volatile solids concentration may occur.

The alternative of building all new facilities does not seem practical In any
situation. The fact that excess capacity is available In the existing
flotatlon thickeners, coupled with the amenabillity of bidlogical sludges to
flotation thickening, makes the use of these facilities Imperative. The only
decision to be made, if I{n fact complete combined sewer overflow treatment
were carried out in Kenosha, would be whether to expand the existing digestion
facilitles or to build separate mechanical dewatering facilitlies (vacuum
flltration or centrifugation) or to use the existing fllter press facilities
if possible., From an economic standpolnt, it appears possible in Kenosha

if satisfactory digestion were accomplished in the stabilizatlion tank, that the
existing flotation thickeners and fliter press would be sufficient to handle
the extra wet weather solids and no new facllitlies would be required.

New Providence, NJ - Trickling Filter

0f al) the combined sewar overflow slites studies, the trickling filter system
tested in New Providence was the most unique since the concept of sollids
bleedback Is utitized as part of the norm#2! mode of operation for this
Installatlon, As discussad in detall in Appendix A the two trickilng fllters
which normally run in serles -during normal flow perlods are converted to
parsllel operation during perlods of high flow. The sollds settling in the
final clarifler are recycled to the primary sedimentation tank where they
settle out with the primary solids. This combined sludge 1s then dralned to
a sewer which flows to a larger sewage treatment plant downstream,

Apparently the downstream treatment plant has the capacity to remove and
handle the sollds produced at the New Providence facility.

This facillity does not really treat comblned sewer overflow, but actually
handles the high flows caused by inflltratipn Into the sanltary sewers-.
Therefore, since the present plant can handle the high flows experlienced
during rainfall periods, It is not forecasted that any appreciable Increase
in flow can be expected in future years. Thus, It is not applicable in this
case to compare on-site treatment versus bleadback since the exlsting form
of bleedback appears to be functloning as planned and will continue to be
usad in the futura. I[f thls type of arrangemant were to be utilized at
another site not being able to discharge the excess solids to another
treatment facllity, feasibility studles for the optimum means of on-site
thickening, digestion and dewatering would be required. However, thase
feasiblllty studies would be conducted in the same manner as those normally
assoclated with dry-weather treatment plants.
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SUMMARY

After reviewing the eight combined sewer overflow sites which were part of
this study for the feasibility of utlllizing pump/bleedback of treatment pro-
duced solids as compared to on=-site treatment, it is apparent that no specific
conclusions can be drawn for all cases, but instead each case must be studied
on an Individuat basls. In general, It does not appear possible to pump or
bleedback the sollds produced from the treatment of an entire combined sewered
tity to the dry-weather treatment plant. This is due primarily to the possi-
bility of soltlds settling in the exlisting sewerage system and to the over-
loading of the dry-weather treatment plant sludge handling facilities. Also,
In cases of combined sewer overflow storage, it may not be possible from a
hydraulic consideration to pump or bleedback the entire stored contents to
the dry-weather treatment plant. These facts become especially critical when
the dry-weather plants under study are near design capaclty for either
hydraulic or solids handiing facilitlies, If only a portlion of a city's
drainage area Is served by combined sewers, then controlled pump/bieedback of
the comblined sewer overflow treatment produced sludges may be possible.

In most cases where on-site treatment of the sludges produced from combined
sewer overflow treatment is utilized, the hydraullc and solids loadings
resulting from the pump/bleedback of centrates, supernatants, and flltrates
from sludge thickening and dewatering processes such as flotation, centrifu-
gatlon, or vacuum filtration will be possible. However, in many cases pump/
bleedback of the concentrated sludges has been shown to be a problem, Table
33 sunmarizes the increase in solids loading on dry-weather treatment plants
resulting from the treatment of 1.2 cm (0.5 in.) of runoff. The amounts of
sludge were determined from the data generated at the existing combined sewer
overflow treatment demonstration systems, The figure only represents those
sites where satellite treatment was tested.

A very important consideration which can easily be overlooked when comparing
the concept of pump/blesdback versus on-3ite treatment is the efficiency of
removal at the existing dry-weather treatment plant., It is not possible to
accurately estimate, without actual fleld testing, what effect pump/bleedback
will have on the percentage removals at the dry-weather treatment plants.
However, even if It is assumed that the percentage removals obtalned during
normal operating perlaods hold true during the pump/bleedback periods when the
flow rates increase, the percentage of contaminants ending up in the recelving
body can stil) be significant. For example, if a combined sewer overflow
treatment site achieves 70% removal of suspended solids and these solids are
pumped or bled back to a treatment plant achieving 80% removal of suspended
sollds, the net removal of the combined sewer overflow treatment slite is:

(0.70) x (0,80) = 0.56 or 56%

This can greatly Increase the true cost of combined sewer overflow treatment
when studled on a cost per mass removal basis.

Another example analogous to the above would be the effect of pump/bleedback

which caused effluent qualitr to decrease only a slight amount. Using the City
of Milwaukee as an example, if pump/bleedback raised the average raw flow rate

122



8 9 (A zl 06

01 L 8Y hl 0°8

L 6 s 5 Y 0°L

£l ot £9 8 61 09

st 4! 9L gl ¥4 0°'S

61 51 L6 1z 5 82 0k

52 174 {z| e L g€ 0°€

;13 62 £61 09 I s 0°2

9L 65 98¢ gEL ¥4 gLl 0°1

51 glt 0lL YA [4] 62t g0

2sSE340UL ¥ 2SE3IOU] % 258910U] % aSERJADU] % 95e940U} ¥ ISE8IOU| % siep
Afuo 4yg iva/ss bujusaaosoaojw abedo3s mumv:_m (s3udlucd (ejel) ‘uojjeanp
(M fesynemily tM ‘auldey vd ‘etudiape|iyd VW ‘sbplique) pal3zes Ajuo) obeaols Noeqped|g
abeJols in ‘aanem| |y /dung

1M “omnemy |y

430NNy 40 (Ui S°0) WO SZT| WOYd SI9ANTS
G32nQ0Y¥d 0S9 40 XIvEdI318/dWnd HOJ SINYId INIWLVIHL
YIHLIVIM-AYG LV SISYAUINI SAIT0S 40 AUVWHNS "€E 91qE)

123



by 10% for a period of 3 days and the average effluent suspended solids con-
centration [ncreased by only 2 mg/l, the following additional loading of
solids would enter the receiving body of water:

651,020 cu m/day [172 mgd]} (1.1) (3 days) {2 mg/1) (constants) =
(4300 kg [9500 ibs])

Thus, over a three day period the increase of 2 mg/1 in effluent concentration
would have an actual increase loading to the receiving body of water of
4300 kg (9500 1bs) which is significant.

Other Important conslderations that must be made when studying the concept of
punp/bleedback are 1) the possibility of toxicity of heavy metals or other
elements to the assoclated dry-weather treatment plant biological processes

2) the need and practicality of subjecting the combined sewer overflow solids,
which appear to have a low volatile percentage to dligestion, and 3) the possi-
biiity of overloading the grit removal and primary sludge removal faciltities,
thus necessitating addlitional degritting facllities either at the head end

of the treatment plant or at the overflow treatment site ftself,

Although this section has analyzed the feasibllity of pump/bleedback of CSO
sludges versus on-site treatment, its purpose has only been to demonstrate
the voluminous ramifications (specifically for the requirement of additiona!l
facilities) and problems resulting from either alternative, Specific answers
to determine the best method for each municipality requires a thorough
economic study of all the alternatives available. No general recommendations
can be made.
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SECTION VI
DISCUSSION

The characterization data presented In Section V of this report has unquestion-
ably demonstrated the magnitude of the problem posed by the sludge residuals
generated as a result of combined sewer overflow treatment., The data has shown
that the volumes and characteristics of these residuals vary widely. The
pump/bleedback of the entire amount of residuals to dry-weather treatment
facilities does not seem to be a promising method of disposing these residuals
as discussed in Section V1|, However, partlal pump/bleedback in specific
situations may be possible, Therefore, on-site handling and treatment of these
residuals is necessary for a satisfactory solution to this Important problem,
The treatabllity test results (Section VI) have demonstrated that several
dewatering techniques may be applicable for the on-site thickening of the
various reslduals.

Dilute sludges such as the retained contents of storage/settling treatment or
screen backwashes require a concentratlon step before any thickening treatment
may be utilized. Therefore, for CSO treatment sites employing a combination
of storage and screening/dissolved-air flotatlion treatment, perhaps a more
logical and economical step would be to keep the dilute tank reslduals and
screen backwash separated from the concentrated resfduals such as settled
solids or flotation scum. After concentration of the dilute residuals by
sedimentation with or without chemicals, the clarified supernatant may be
best discharged to the sanitary sewer or the receiving body of water while
the clarified sludge can then be combined with flotatfon scum and further
dewatered by smaller size dewatering equipment. It Is estimated that such a
modification of keeping the dilute wastes separated from already concentrated
wastes, for example, in Raclne, Wi, may provide as much as 303 to 40% reduc-
tion in the total cost of sludge treatment estimated earlier. Furthermore,
An any actual system, the presence of grit or lnorganic matter is expected

to be significant and separate means of removing grit may be required in any
€S0 residual handling treatment faclility.

From the treatment feasibility test results, generally It was shown that
centrifugation or vacuum filtration were both applicable for dewatering

after sludge thickening by gravity or fiotation thickening. However, when
overall results were compared based on performance, cost and area requirements,
centrifugation was found to be the optimum dewatering method for all physical
and physical/chemical residuals except alum treated San Francisco sludge and
the blological sludges. Centrifugation alone or in combination with gravity
or flotation thickening offers several other advantages that must be kept In
mind in the final selection of an optimum dewatering step at any specific CSO
treatment site;
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1. Centrifugation is quick to start up and shut down in the fleld for
intermittent usea in 1lne with unpredictable timing of CSO occurrences.

2. The process is less sensi{tive to flow and concentration changes and
can be geared for various applications in a short time. This can
provide optimum utilization of the equipment even during dry-weather
periods.

3. It can be automated to reduce labor costs. Savings In chemical costs
are also possible because chemlcal conditioning is not required in
all cases as for vacuum filtration. Furthermore, the power costs
for equipment operation are also lower compared to vacuum filtration.

4, Centrifugation requires less space and because of lts compactness can
be easily mounted on portable equipment which may then be utilized
at a number of CSO cutfall treatment locations In a metropolitan area.

Because of the above advantages and only limited number of sites that utllize
biological treatment for combined sewer overflows, it is recommended that
additlonal development work be contlnued on centrifugation treatment of CSO
sludges with and without gravity or flotation thickening. The centrifuge
equipment, both scroll and basket type units, should be evaluated at several
CS0 treatment locatlons. This may best be accomplished by using a portable
treatment unit and utilizing it for a 6 to 8 week period at each site, The
costs developed during this study should be re-evaluated and demonstrated
based upon the operational data developed in Phase 1I. Furthermore, the
organics making up the volatile sollds In the CS0 sludges may be far more
putrescible than digested sludges and most probably will require stablilization
prior to ultimate land disposal. On-site digestion facilities such as anaer-
oblc digestion are not considered to be appropriate for CS0 sludges bacause
of the quick on-off characteristics of €S0 treatment. Howaver, stabilization
by other methods such as Iime stabilization may be appropriate and necessary
prior to the uitimate disposal of tha CSO sludges. Thasa ultimate disposal
considerations should be investigated and evaluated in detail! in Phase (i,

However, it should be noted that the ultimate choice of such sludge treatment
concepts Is expected to be site specific. The selection of the final treat-
ment method must be based on treatability tests at the specific slites

under consideration since no one method of handling and/or treatment would

be appllicable to every sltuation.
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APPENDIX A
SITE DESCRIPTIONS

1. HUMBOLDT AVE., MILWAUKEE, WI

Dry-Weather Treatment

Two dry-weather treatment plants serve the 60,704 ha. (149,888 ac.) area within
the limits of the Milwaukee Metronnlitan Sewerage District. The older of

these plants (Jones Island) serves 16,155 ha (39,888 ac) and provides secon~
dary treatment for flows up to 757,000 cu m/day (200 mgd). The South Shore
plant has primary treatment and is capable of treating a 1,211,200 cu m/day
(320 mgd) flow. New secondary treatment facllities capable of treating

454,200 cu m/day {120 mgd) were completed at the South Shore plant in 1974.
Following is a brief description of each of these plants (41),

Jones lsland Treatment Plant - All sewage entering the Jones Island plant is
passed through mechanically cleaned bar screens to remove the coarse contents
such as garbage, rags, and wood from the raw wastewater flow. The screened
sewage then enters degritting chambers where the velocity is reduced to
approximately one foot per second. There are eight grit chambers 2.4x2.4x27.4m
(8x8x90 ft) long. The flow is regulated by individually controlled gates
placed at inlet and outlet points,

The sewage flows from the grit chambers to the fine screen house. The sewage
passes through a series of rotary drums having 0.24 cm(3/32 in.) slots, con-
tinuous across the face of the drum. 5Solids too large to pass through these
slots are brushed off of the drums and on to a belt conveyor. The screenings
are then conveyed to a collection hopper and pneumatically ejected to the in-
cinerator building where they are inclinerated along with the coarse screen-
ings and grit. Approximately 5k,400 wet kg (60 wet tons) of these materials
are Incinerated each day.

Screened sewage flows from the fine screen house into mixing channels where
controlled columns of activated sludge are applied. Mixing with alr continues
in feed channels until this mixture reaches the aeration tanks where blologlical
treatment takes place. The aeration tanks have ridge and furrow type aeration
and provides two way reverse flow. The aeration tanks are designed to aerate
the mixed liquor for an average period of six hours.

Activated sludge Is removed by quiescent sett!ing. Both Dorr and Tow-Bro

type clarifiers are used for final sedimentation. The settled sludge is with~
drawn from the bottom of the clarifiers and the effluent is discharged to Lake
Michigan.
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A portion of the sludge Is returned to the incoming sewage for seeding. The
remaining increment is conditioned with ferric chloride and dewatered by vacuum
filtration on any of 24 vacuum filters at the plant. The filter cake has a
moisture content of about 83%.

After vacuum filtration, the siudge is conveyed to an indirect-direct counter~
flow rotary drum type dryer. These dryers reduce the moisture content of the
sludge to about 5%. The dried solids are then crushed and screened and sold
as fertilizer.

South Shore Treatment Plant - The sewage enters the South Shore Plant through
2.54 em (1 in.) mechanically cleaned bar screens. Solids removed from the
screens are hand-fed to hammermill type grinders and returned to sewage flow.

After screening the sewage flows Into the grit basins. Flow through the grit
basins proceeds at about 0.3048 m/sec. (1.0 fps). The grit is removed from
the chambers and washed. Cleaned grit is stored and hauled away by truck to
a sanitary landfill or an incineration site. The organics washed from the
grit are returned to the sewage flow.

The sewage then flows to the distributlon chambers from which it is routed to
the settling basins., The sixteen tanks provide a.detention period of 3 hours
at 227,100 cu m/day (60 mgd). When the secondary treatment plant is added
and the flow is upgraded to 454,200 cu m/day (120 mgd) the settling period
will be 1.5 hours. Straight line mechanical sludge collectors convey the
sludge to cross collectors which, in turn deposit the sludge in a vault., The
effluent overflows from the settling tanks and is dispersed to Lake Michigan.

Sludge from the vault or directly from the hoppers, is pumped by four posi-
tive displacement pumps to the digestion tanks. The total volume of the di-
gestjon tanks Is 44,800 cu m (1,600,000 su ft). The sludge temperature s
maintained at 29.4 to 32.2 °c (85° to 90°F) by heaters which can burn either
natural gas or digester gas.

Sludge flows from the digesters by gravity and is pumped to four lagoons.
The lagoons are approximately 118.9 m square (390 ft square) with a minimunm
depth of 4.6 m (15 ft) and have a total capacity between 224,000 and 280,000
cum (8 and 10 million cu ft). They are estimated to be adequate for 20
years without removal of sludge.

Wet-Weather Treatment

Humboldt Avenue, Milwaukee, W! (42) - The detentlion tank at Humboldt Avenue
receives the combined sewer overflow from a 205 ha (570 ac). drainage area
contalning approximately 33.8 km (21 miles) of combined sewers and represent-
ing 1/27 of the combined sewer area in Milwaukee. The area s reslidential

and commercial in character and contains primarily combined sewers with a

few separate storm sewers intercepted within the project area. Two relief
sewers which traverse the area and the Milwaukee Sewerage Commission's inter-
cepting sewer remove from the system a substantlal amount of the total combined
sewage generated within the study area before It reaches the detention tank,
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Filow to the tank is by gravity, through a 198 cm (78 in.) sewer. Upon enter-
Iing the tank inlet channel, the flow passes through a mechanically cleaned
3.8 em (1.5 In.) bar screen. All solid material retained on the screen are
deposited In a 2.25 cu m {3 cu yd} portable refuse container.

Seven rotary mixers are located within the tank. Only one of these seven
mixers Is equipped with a two-speed motor drive and is operated at low speed
prior to and durlng periods of tank overflow to distribute chlorine for
disinfection. Facilities for pre and post-chlorinatlon of the (S0 are
provided. The pre-chlorination diffuser header is located just ahead of the
tank inlet and runs across the inlet channel. The post-chlorination diffuser
distributes chlorine across the entire 22.9 m (75 ft) width of the tank at a
point about 3.7 m (12 ft) above the tank floor and 53.9 m (177 ft) from the
overflow weir.

Combined sewer overflows in excess of the tank capacity (3.9 million gal.}
[14761.5 cu m] during periods of overflow are discharged from the tank to the
Mllwaukee River. After the overflow has subsided, all mixers are activated

to resuspend settled solids. The resuspended tank contents are then pumped to
the Jones Island Treatment Plant.

2., CAMBRIDGE, MA

Dry-Weather Treatment

There are two dry-weather treatment plants serving a 165 ha (407.5 ac.) drain~
age area. These plants are the Deere |sland Treatment Plant, 1,298,255 cu m/
day (343 mgd) and the Nut 1sland Treatment Plant, 1,286,900 cu m/day (340 mgd).
The following is a description of these plants (38).

Deere Island Treatment Plant - This treatment plant has been In operation
since June, 1968 and serves 22 communities with a population of approximately
1,400,000. Seven pumping stations are located throughout the contributing area.

The facllities Include three remote headworks which are connected to the main
pumping facility by two deep rock tunnels. The tunne! from the Ward Street
and Columbus Part Headworks is approximately 11.3 km (7 miles) long. An
additlonal facility, the Winthrop Terminal Facility, located on the main
plant site, provides sewerage service for local areas and is connected
directly to the Deere Island Plant through a separate direct pump discharge.
Each headworks provides screening and grit removal for the sewage flowing
through the headworks.

Treatment at the Deere Island Plant starts with pre-chlorinatlon and pre-
aeration. The pre-searation tankes place in two channels, each 121,9x6x4.3 m
(400 x 20 x 14 ft), with a detention time of 10 minutes. The flow then passes
to the sedimentation tanks which have a detention time of 60 minutes., The
effluent is then post-chlorinated and discharged through two marine outfalls
located in approximately 15.2 m (50 ft) of water in Boston Harbor.
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The treatment of raw sludge is accomplished by separate sludge thickening
prior to high rate digestion. Three primary digesters, equipped with fixed
cover, internal heaters, and draft tube mixers, have a sludge reclirculation
system via a common manifold. A fourth digester, equipped with a fixed
cover and separate llquid recirculation system, serves as a storage tank,
receiving all primary digested solids and overflow to allow controlled dis-
charge of digested material to the sea during perlods of outgoing tides.

Nut island Treatment Plant - The Nut lsland Plant has been treating waste
from 21 clties and towns with a population of 775,000 since 1962,

The treatment processes Include pre-chlorination, coarse screening and grit
removal for Incineration, pre-aeration of the effluent for 20 minutes, pri-
mary sedimentation, and post-chlorination of plant effluent prior to .
discharge through a 152.4 cm (60 in.) outfall pipe some 1,828.8 m (6,000 ft)
off shore in deep tidal water. .

The treatment of raw sludge 1s accomplished by modified high rate digestion.
Two primary tanks, which have fixed covers, and one primary tank with a
floating cover are equipped to provide continuous recirculation of the tank
contents. A secondary digestion tank of the same capaclty is equipped with
a floating cover and supernatant drawoff. The digested sludge is disposed
of through a 30.5 ¢m (12 In.) submarine pipe line which extends a distance
of 6.8 km (4.2 miYes) from the treatment plant into deep tldal water on the
south side of President Road.

Gas produced by the digestion process is the principal source of fuel for
all plant power and heating purposes. One or more of the six waste gas
burners, provided for burning excess gas, are in continuous use.

Wet-Weather Treatment

Cottage Farm, Cambrldge, MA (43) - The Cottage Farm Combined Sewer Detention
and Chlorination Statlon is located on the north bank of the Charles River
Jjust upstream of the Boston University (B.U.) Bridge in Cambridge, MA. The
Cottage Farm Station diverts, stores and treats excess CS0 which cannot

be carried to Deere Island Sewage Treatment Plant from the communities In the
Charles River sewer system. It Is one element of the Metropolitan District
Commlssion's comprehensive sewage system expansion program to reduce pollu-~
tfon in the Charles River basin.

The outfall from the facility is located so as to provide effective discharge
and mixing of the effluent with the river water. Flows up to 2,1 times the
1986 dry weather flow, or 552,610 cu m/day (146 mgd} can be carried to the
Ward Street Headworks, and from there to the Deere lIsland Sewage Treatment
Plant. Flows {n excess of 552,610 cu m/day (146 mgd) are diverted to the
Cottage Farm Detention and Chlorlnation Station. The destgn capacity,
882,283 cu m/day (223 mgd), of the Cottage Farm Facility was established by
the capacity and need for diversion of the Charles River Sewer System at the
B.U. Bridge. Any overflows from these systems are dlscharged through re) iaf
outlets into the river basin.
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Durlng a ralnstorm, when the relief sewers contributing flows to the Cottage
Farm Station reach their indlvidual downstream capacity, they become sur-
charged. The flow enters the inlet channel to the plant and activates the
plant when the flow depth reaches 35.6 cm (14 in.). As the flow enters the
plant, it is directed to three channels, each designed for 454,200 cu m/day
(120 mgd). In the channel, the flow passes through a coarse bar screen

fol lowed by a fine bar screen. The coarse bar screen has openings of 8.9

em (3.5 in.) and the fine bar screen has an opening of 1.3 cm (0.5 in.}. Both
of these screens are mechanically cleaned.

From the screen chambers, the flow enters the wet wells from where it is pumped
into one of the discharge channels. Chlorine is added at the discharge side

of the pumps. From the discharge channel, the fiow s divided into six
diversion channels which distribute the flow into six detention tanks. Flows
in excess of the detention tank's capacity discharge Into the Charles River
Basin through a 243.8 cm (96 in.) outfall.

After an activation, the detention tanks are dewatered by gravity through a
pipe in the bottom of each tank and dralned pack to the North Charles Rellef
Sewer. The residual waste is ultimately disposed of at the Deere |lsland
Treatment Plant, The screen channel is cleaned by recirculating the chlori-
nated flow retained In the first detention tank to the Inlet structure and
then back through the channels into the wet well from where it s pumped to
the North Charles Rellef Sewer., The detention tanks, pump discharge channel,
wet well, and screen room are then manually washed by a malntenance crew.

3. RACINE, WI

Dry-Weather Treatment (44)

The treatment of wastewater at Racine, Wl Is accomplished by a full primary
treatment, a 45,420 cu m/day (12 mgd) secondary treatmant plant, chlorinatlon,
sludge digestion and vacuum filtration. The average flow tc the plant for
1970, 1971, and 1972 was 79,257.9 cu m/day (20.94% mgd).

The wastewater flows through a mechanically cleaned bar screen to four
comminutors, each rated 45,420 cu m/day {12 mgd). The wastewater then flows
to the degritting chambers which consist of three grit channels. Two of these
are 2.9 m (9.5 ft) wide and 12.2 m (40 ft) long and the third is 5.9 m

€19.5 ft) wide and 12.2 m (40 ft) long. All channels have a flow depth of
0.9 m (3 ft) and are provided with mechanical scrapers. The grit is removed
from the grit basins by the scrapers. A screw type cross conveyor and screw
type grit washer remove and further cleanse the grit for satisfactory disposal
as fill materials. Four primary clariflers, each 10.5 (34.5 ft) wide and
41.8 m (137.3 ft) long can hold a total of 4,920.5 cum (1,300,000 gal.).
Mechanical scrapers push the sludge to hoppers from where it Is sent to
digesters. Clarifled effluent flows over welrs to the secondary plant. The
sludge from the primary treatment goes to a 3,785 cu m (1,000,000 gal.)
primary digester. A gas recirculation system Is provided for mixing of the..
sludge, and a heat exhcnager is provided for heating the sludge. The o
temperature Is maintained at 359C (95°F). During thls process methane gas
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Is produced and utiltized as a fuel supply for tha engines and bollers.
After primary digestion, the sludge is pumped to the secondary digesters.
The total volume of the secondary digesters is 3,785 cu m (1,000,000 gal.).
The digested studge Is then pumped to the vacuum filtration system.

Secondary treatment consists of an activated studge type treatment system
utilizing the Kraus process. Four aeration tanks having a total volume of
8,516 cu m (2,250,000 gal.) handle an average of 3,797 cy m/day (12 mod) of
settled wastewater. The tanks can be operated in several alternate modes.
Settled wastewater can be introduced intc the tanks, together with return
activated siudge. The contents are then mixed with air provided through
diffuser tubes. This alr also serves as a supply of oxygen for the micro-
organisms. The resulting mixed tiquor is transferred from the aeration tanks
to two final settling tanks each having a volume of 1,892.5 cum (500,000
gal.) and a detention time of 2 hours. The effluent Is conveyed to a
chlorine contact tank prior to discharge Into Lake Michlgan.

The residual studge from the various operations s dewatered by vacuum filtra-
tion. Two 3m (10 ft) by 3 m (10 ft) vacuum filters are utilized. Each filter
has its own conditioning tank where chemicals are added to aid coagulation and
improve filterabllity. Chemicals utilized are lime and ferric chloride. The
filter cake 1s disposed of, by truck, to a land fill site.

Se

Wet-Weather Treatment {(11)

The entire comblned sewer system for the City of Racine covers 284 ha. (700
ac.) of the central clty. Two satellite treatment plant units are provided
at the (€SO0} outfalls to treat a maximum flow of 219,500 cu m/day (58 mgd
from a contributing area of 190 ha. (469 ac.), or 67 percent of the entire
combined sewer area.

The treatment units consist of two basic operations: screening followed by
dissolved-alr flotatlon, The CSO enters the slte wet well and passes through
a mechanical ly cleaned bar screen to a spiral screw pump. The pump discharges
Into a channel leading to the drum screen. The screen employad to remove
suspended matter In the flow has 297 mlicron openings {50 mesh). When headloss
through the screens become excessive, backwash water Is pumped from the screen
chamber and sprayed on the outer surface of the screens to flush solids from
the Inner surface. These solids along with the backwash are collected In a
hopper and flow by gravity to a screw conveyor which dellvers them to the
sludge tank where they are held until the overfiow event is over.

The CSO then flows to the flotation tanks where It is blended with alr
saturated pressurized flow, The floated sludge is periodically skimmed
from the top of the tanks and deposited In the screw conveyor which
delivers {t to the sludge tank.

This system does not employ effluent recycle for alr mixing and pressurlzation.
instead, approximately 20 percent of the raw flow Is pressurized for this
purpose. Ferric chlorine and polymer are added to the raw €S0 to facilltate
the coagulation of particulate matter before flotatlon., Ferric chloride is
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added in the wet well ahead of the spfral screw pump. Polymer Is added in the
drum screen effluent channei. Chlorine is also added In the drum screen
effluent channel for disinfection purposes.

The sludge holding tanks are drained back to the city sewer system when the
water level in the sewer has decreased to the point where the tank contents

can be drained without causing an overflow at a point farther downstream In
the Interceptor sewer.

4, HAWLEY ROAD, MILWAUKEE, WI

Dry~Weather Treatment

The dry-weather treatment plant for Milwaukee, Wi has been previously described
in conjunction with the Humboldt Avenue detention and chlorination facility..

Wet-Weather Treatment (20)

The Hawley Road screening/dlssoived-air flotation system Is a 18,900 cu m/day
(5 mgd) pilot demonstration treatment facillty. The combined sewer area
served Is 200 ha (435 ac.) and Is a completely developed residentlal area

in one of the older sections of thecity. The treatment site is located at
one of 110 combined sewer overflow points in the Milwaukee area. The entire
combined sewer area In the City of Milwaukee Is 70 sq km (27 sq mi).

The demonstration unit consists of two basic operations: screening followed
by dissolved-air flotation. The CS0 passes through a bar screen and then en-
ters the drum screen. The water passes through the screen media and into a
screened water chamber directly below the drum. The drum rotates and carries
the removed solids to the spray cleaning system where they are flushed into

a hopper inside the screen and washed to a drain pipe that discharges to

the city sewer system.

The screened CSO then flows to the head end of the flotation tank where it

{s mixed with the alr saturated pressurized flow coming from the pressurization
tank. A portiop of the flotation tank effluent or the raw CSO can be used as
the source of pressurized flow. The floated scum is scrapped off the flotation
tanks and flows by gravity to the city sewer system.

Provislons are also made in the system for the addition of ferric chioride

and polymer to the flow before it enters the flotation tank similar to the
Racine CSO treatment system described earlier.
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5. SAN FRANCiSCO, CA

Dry-Weather Treatmeat (45)

The San Franclisco Bay metropolltan district has a total drainage area of
11,340 ha (28,000 ac} of which 9,720 ha (24,000 ac) drains to public sewer
systems while the remainder drains to private sewer systems. Sanitary flows
from both publlic and private sewers are treated at one of the three waste
treatment plants in the Bay area. The domestic and industrial flows are
estimated to be 138 million cu m {36.5 billlon gal.) per year while the storm-
water runoff Is estimated to be 33 miilion cum (8.8 billion gal.) per year.
0f this total flowof 171 million cum (45.3 blllion gal.) per year, only 149
milllon cu m (39.3 billlon gal.) can be handled through the dry-weather treat-
ment facilities. The remainder of 22 million cum (6 billion gal.) per year
is discharged to the San Francisco Bay as combined sewer overflow. A brief
description of the three dry-weather treatment plants serving San Francisco
area follows:

North Polnt Plant - The plant serves a tributary area of 3037 ha (7500 ac.)

of combinad residential. commercfal and industrial land uses. The treatment
consists-oT pre and post~cniorination, pre-aeration and primary sedimentation.
The treatment capacity of the plant is 246,025 cu m/day (65 mgd). Any flows
In excess.of the plant capacity are bypassed via upstream diversion structures
to the San Franclsco Bay without any treatment.

Primary settling takes place In six combination pre~aeration - sedimentation
tanks. Total detention time including pre-aeration at the design flow
capacity of 246,025 cu m/day (65 mgd) Is two hours. Under normal conditions
alt six tanks are In operation. About once a year each tank is taken out
of service for maintenance and repair,

The North Point Plant does not include faclilities for treatment of sludge.
Sludge is pumped to the Southeast Plant at an average flow of 3217.3 cu m/day
(850,000 gpd) and a solids concentration of about 1 percent.

Richmond-Sunset Plant =~ The plant serves a tributary area of 4236.3 ha
(10,460 ac), most of which Is residential. The plant provides primary treat-
ment for a peak wet-weather flow of 264,950 cu m/day (70 mgd). The treat-
ment capaclty of the plant Is 264,950 cu m/day {70 mgd). Any flows In excess
of the plant capaclty are bypassed at two separate points. The treatment
consists of primary sedimentation and effluent chlorination prior to
discharge to the Pacific Ocean. The reslidual solids are first stabilized

in aerobic digestion tanks and then conditlioned by elutriatfon and coagula-
tion addition prior to dewatering by vacuum filtration. The stabilized~
fliltered sludge Is then used as a soll conditioner. At the present time,

the average raw sludge flow to the dlgesters is 378.5 cu m/day (100,000 gpd)
at a solids concentration of 2,0-2,5 percent. Present cake production s
approximately 1088.4 m tons {1200 tons) of dry solids per year at an

average sollds concentration of 25%,
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Southeast Plant - This plant serves nearly 4048 ha. (10,000 ac.) of heavy
Industrialized areas of San Franclsco and approximately 810 ha. (2000 ac¢)

of San Matec counties. The treatment consists of primary sedimentation and
effluent chlorination. The residual solids from both the North Point as well
as the Southeast plants are processed at this facility through gravity
thickeners, digestors and vacuum fllters after elutriation and chemical
condltioning. Approximately 19,000 m tons (21,000 tons) of sludge cake is
produced per year from this plant at an average solids concentration of 28%.

Wet-Weather Treatment {(46)

The wet-weather treatment system, called the '"Baker Street Plant', is a
dissolved-air flotation system and is used for the treatment of CSO in

San Francisco, CA. The treatment facllity recelves the drainage from 68 ha.
(168 ac.) and has a hydraulic capacity of 9,084 cu m/day (24 mgd). The
facility Is comprised of two 'modules’ of 4,542 cu m/day (12 mgd) capacity
and each is capable of operation Independent of the other. Each module has
the following key components: flotation tank equipped with sludge and scum
removal systems; recycle system plped to permit intake of recycle flow from
elther the flotation tank at a point just under the effluent launder or from
the raw influent stream; chemlcal feed systems for handling alum, caustic,
polyelectrolyte, and sodium hypochlorite solutions; sollds handling system
providing for the alr lifting of solids for subsequent gravity flow to a
solids sump and the ultimate transfer of solids to the city sewer system.

From storm generated flows, the treatment system can receive up to 9,084 cu m/
day (24 mgd); anything in excess of this flow is bypassed to the Bay. The
influent flows through a bar screen and a magnetic flow meter before it is
split and fed into the two flotation tanks. The effluent from these tanks

Is discharged into San Franclsco Bay.

The system Is designed such that the water needed for air saturation can be
split from the influent stream or taken as recycle from the flotation tank.
This water is pumped by a recycle pump Into a pressurization tank. At the

recycle pump, air is introduced into the stream by an air compressor.

In the pressurization tank, air-water interface is provided to obtain high
rates of air solution. The pressure in the tank 1s maintained at the desired
level by a downstream pressure reduction valve. Nomfnal detention time in the
tank is generally about one minute. The pressurized flow is then blended

with the raw flow in a mixing zone at the Influent end of each flotation tank.
Independent chemical feed systems, consisting of tankage, pumpage and alterna-
tive chemical introduction points, are provided, Feed pH is automatically
adjusted to desired levels using caustic. Other chemicals that are utllized
are alum and polyelectrolyte to aid in solids flocculation and separation,

There are two saurces of sludge in this system: the solids that are floated

and the solids that settle to the bottom of the flotation tanks. The floated
sollds are skimmed off the flotation tanks during operation and fiow by gravity
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to a solids sump. Any settled solids at the bottom of the tank are washed to
a corner of the tank and pumped to the solids sump. These accumulated solids
are then pumped to a clity sewage pumping station.

6. KENOSHA, WI

Pry~Weather Treatment (47)

The dry-weather treatment facilltles consist of primary sedimentation with a
maximum design capacity of 113,500 cu m/day (30 mgd) followed by a 87,055

cu m/day (23 mgd) conventional activated sludge system and chlorination. Raw
sewage enters the plant by gravity from a 183 cm (82 in.) diameter intercep~-
tor sewer. Flows In excess of the plant capaclity are dlverted by a hydraulic
control gate.

The raw sewage entering the plant is pumped through two grit removal facili-
ties which operate In parallel. The discharge from the grit chamber flows by
gravity to 6 primary settling basins which have a total surface area of
2,303 sq m (24,760 sq ft) and a volume of 7,213 cu m (257,600 cu ft). The
maximum hydraulic capacity of the facility is rated at 113,500 cu m/day (30
mgd), resulting in surface overflow rates of 49.7 cu m/day/sq m (1,212 gpd/
sq ft) and a detention time of 1.54 hours., Effluent from primary sedimenta-
tion §s conveyed to the mixed liquor asration tanks where it {s mixed with
return actlvated sludge (RAS). There are four mixed liquor tanks having a
total volume of 13,328 cu m (476,000 cu ft) and an aeration time of 3.72 °
hours at a maximum deslign capacity of 87,055 cu m/day (23 mgd). The mixed
liquor from the aeration tanks flows to three 25.9 m (85 ft) diameter final
clarifiers, having a total surface area of 1,581 sqm (17,020 sq ft). The
surface overflow rate at maximum flow Is 55.1 cu m/day/sq m (1,350 gpd/sq ft)
and the detention time (not including RAS) Is 1,32 hours. The waste actl-
vated sludge (WAS) from the final clarifier is thickened by means of two
dissolved-air flotation units having a total capacity of 8,080 kg (20,000 ib)
of solids per day,

The effiuent after final clarification is chlorinated in a contact tank having
a volume of 605.6 cu m (160,000 gal.). At a flow of 113,550 cu m/day (30, mad)
the detention time in this tank is 7.7 minutes plus an additional 7.3 minutes
in the discharge conduit to Lake Michigan.

Wet-Weather Treatment (i2)

The process for treating combined sewer overflows at the Kenosha demonstra-
tion site Is contact stabilizatlon. The main difference between the demon-
stration project and normal contact stabillzation plant is the periodic usage
of the system. Due to this, provisions for borrowing waste actlvated sludge
from the dry-weather plant were made. This provision was never utilized
because there was always sufficient volume of sludge in the stabl!lzatien
tank, prior to system deployment, to provide a sufficient reaeration time
durlng operation,
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The orliglnal grit basins had a maximum hydraullc capacity of 34,056 cu m/day
(9 mgd} and would not be able to handle a higher loading. In order to pro~
vide more grit removal capacity, an unused mixing and flocculation basin

was converted into a grit basin. The new grit basin is conveniently located
between the pump room and the site for the contact stabilization tanks.

The modified tank Is designed to handle a flow of 75,700 cu m/day (20 mgd)

at a velocity of 0.06 m per second (0.2 fps). The floor of the tank is sloped
so that all extremlties drain to the middle 6m (20 ft) of the.west wall. At
this location a telescopling valve and a screen well are installed to draln
the tank after a run. The deposited grit on the floor of the tank is flushed
to the west wall where It Is suction pumped to a truck and hauled to a land-
flll site.

The contact and stabilization tanks are located on a structure which is divided
by concrete walls into four compartments. Two contact tanks are designed to
handie a maximum flow of 75,700 cu m/day (20 mgd} and a stabilized sludge

flow of 11,355 cu m/day (3 mgd) for a 15 minute contact perfod. This )
requires a volume of approximately 946 cu m (250,000 gal.). The contact tanks
have a volume of 620.7 and 304.5 cu m (164,000 and 80,485 gal.), with a
combined volume of 925.3 cu m (244,456 gal.}.

Aeration is supplied to the contact tank by means of a fixed air disperser
system located along the bottom of the northern wall of the contact tank.

The dispersers are supplied by the existing blower system and are capable

of delivering up to 106.4 cu m/min (3,800 cfm) of air.

The stabilization tank is also divided into two tanks so that various stablli-
zation times may be studied. 'Both tanks are {dentical, having a volume of
1,386 cu m (366,329 gal.) each. One tank may be filled without filling the
other. This allows for a short stabilization time If desired. The two tanks
are connected by permanent openings in the concrete wall divider 2.19 m (7.17
ft) above the floor of the tank. After this height is reached, both tanks
must be filled simultaneously.

Aeration for the stabilization tanks is provided by 8 mechanical surface
aerators, four in each tank. The aerators are 50 horsepower each and have
a total design transfer rate of 454 kg {1,000 1b} per hour.

Two 37,850 cu m/day (10 mgd) pumps are provided to transfer the stabilized
sludge to the contact tanks. This combined capacity allows up to 75,700

cu m/day (20 mgd) of stabilization sludge to be transferred, which is equal
to 100 percent of the combined sewer flow. A 1,892.5 cu m/day (0.5 mgd)
pump is also needed during dry-weather to transfer unused stabilized sludge
to the existing thickeners. All three pumps are located on a concrete plat-
form between the contact and stabilization tanks.

The clarifier is designed for use during both dry-weather flow and over-
flow conditions. During dry-weather, the mixed liquor from the existing
plant is fed to the new clarifier for sedimentation. The settled sludge
from the clarifier Is pumped back Into the existing plants sludge return
system, The clarifier doubled the existing plant's cilarification drea.
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The entire biosorption process Is completely automated and is directed from

a main control board. The main control board receives and sends information
from and to all operations of the process. The information regulates all

flow rates which in turn determine contact times, mixed liquor concentrations,
stablllzation times, air supply rates, and settling times. This is done by
setting all variable flows as a percentage of the raw sewage flow.

During dry-weather the only activity performed by the wet-weather facility,
is to store waste activated sludge in the stabilization tank for a set period
of time before going on to the existing thickener. The rate of wasted sludge
flow from the existlng treatment plant to the stabilization tank is manually
set at the maln control board. By allowing the tank to fill to the desired
volume and then settling the flow out of the tank equal to 100 percent of

the flow into the tank, a constant stabliization detention time is achieved.

7. NEW PROVIDENCE, NJ

Dry and Wet-Weather Treatment (14)

The dual.use of treatment plants, using wet-weather facilities to treat dry-
weather flows, is demonstrated well in New Providence. Unlike the other
sites, the New Providence area has a totally separated sewer system. High
infiltration/inflow conditions during perlods of wet~weather may Increase
flows to rates as high as 10 times the dry-weather flow. To treat these flow
variations while maintaining high levels of treatment, a unique trickiing
filter operation has been Installed.

The plant is designed to handle a dry~weather flow of 1892 cy m/day (0.5 mgd)
and wet-weather flows of up to a maximum of 22,710 cu m/day (6 mgdy. The

treatment facilities include primary clarification, trickiing filtratton,
secondary clarificatlion, and post chlorination. Residual siudges up to

5,678 cu m/day (1.5 mgd) are pumped to the city of Summit, NJ sollds handling
facilities under a "Pumping Rights' agreement.

Two commlnutors are provided at the inlet facilities for shredding the
coarser solids in the raw sewage. The raw sewage is pumped by low 1ift

pumps (three at 18,925 cu m/day (5 mgd) each) to the primary settling reser-
voir, a 1,608.6 cu m (425,000 gal.) tank which provides the first phase of
treatment at the facltity, The clarifler has a two fold function: it removes
organics, inorganics, scum, grease and-oil from the flow and the large volume
of the tank allows equalization of flow to the treatment plant. The sludge

from this tank is pumped daily to the Clty of Summit during a period of about
three hours.

One of the two filters Is a plastic media filter 1t m (36 ft) in diameter and
b.h m (14.3 ft) deep. The primary tank effluent plus the reclrculated flows
are distributed on the filter by a pair of distributor arms which rotate by
virtue of the Tiquid head created In the center column to which the rotating
arms are attached.
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During dry-weather operation, the effluent from the plastic media filter

is pumped to the high rate rock trickling filter. The rock filter is 19.8 m
(65 ft) in dlameter, 1.8 m (6 ft) deep and is constructed of concrete. From
here the effluent flows to the flinal clarifier.

The final clarifier is 2Im (70 ft) in diameter and has a sidewall depth of
2.4m ( 8 ft). The bottom scraper arms operate at about 2 revolutions per
hour. During periods of dry-weather, recirculation pumps with a capacity of
3,028 cu m/day (0.8 mgd) provide the minimum hydraulic loadings for the
trickling filters. The sludge at the bottom of the final clarifler flows,
by gravity, to the inlet of the plant.

The unique feature of this plant Is its ability to operate under a wide

range of hydraulic loadings. During dry-weather the.plant operates In

series with the plastic fllter being the lead filter. During periods of
wet~weather, when the flow increases above 10,598 cu m/day (2.8 mgd), auto-
matic transfer to parallel operation takes place and is maintained until

flow drops to the series range. A portion of the total fllter flow is then
conveyed to the plastic medla filter and the remalnder to the rock trickling
filter. The effluents from the two fllters are combined and conveyed to

the final clarifier. When in parallel operation, the second stage and recir-
culation pumps are automatically turned off.

The flow to each filter can be varied, either on a preset ratio basis or a
preset constant flow basls. These operatfons can be controlled as follows:
An adjustable preset constant flow to the plastic filter can be maintalned
automatically by the control circuit. Under this mode of operation, a constant
flow Is applled to the plastic medta trickling filter with any excess flow
discharged onto the rock media trickling filter. Similarly, an a&djustable
preset constant flow can be maintained to the rock media trickling filter with
any excess flow applled to the plastic medla trickling filter. In addition,

a constant ratjo of flow can be maintalned between the plastic medla trickling
filter and the rock medta trickling filter. This ratlo can be set between 0.2
and 4,0, 1.e.,, If the Indicator Is set at 1.0, It would Indicate that both
filters--the plastic and the rock--would be recelving the same flow. |f the
total filter flow exceeds 17,033 cu m/day (4.5 mgd), the raw sewage pumps
which pump to Summit at a constant rate of 5,678 cu m/day (1.5 mgd) are
automatically turned off. When the wet-weather flow decreases to 11,355 cu m/
day (3 mgd), the Summit pumps are automatically turned back on. At a flow
rate of 7,750 cu m/day (2 mgd), the secondary treatment system will switch
automaticaliy from parallel to serles operation, resulting In the turning

on of the second stage and recirculatfon pumps.

Under the foregolng condlitions, an extreme amount of flexibllity is provided
in the operation of the plant for the treatment of both dry-weather and
wet-weather flows,
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APPENDIX B
ANALYTICAL PROCEDURES

The following analyses were performed according to Standard Methods for the
Examinatlon of Water and Wastewater, 13th Edition, 1971 (SM} (6) and Methods
for Chemical Analysis of Water and Wastes, 1971, EPA Water Quallty Office

{wgo), Cincinnatt, Ohio (7).

pH

Total Sollids

Total Volatile Solids
Suspended o1 1ds
Volatile Suspended Solids
BOD

TOC

Total Phosphate

Kjeldah! Nitrogen

Nitrate

Nitrite

Metals 2n, Pb, Cu, Ni, Cr

Mercury

Density
Heat Value

Pesticides and PCB's

Soluble Parameters »

wQo, p. 230

wQo, p. 280

WQo, p. 282

WQo, p. 278

WQo, p. 282 .

SM, p. 489

WQo, p. 221

Weo, p. 239

wQo, p. Y49 .

S, p. 458

wao, p. 195

Digestfon - WQO, p. 88 ‘@
recmmended by the manufacturer for the
instrument used (Perkins-Elmer Mode! 403).

Bigestion - Nitric acid reflux procedure (ses
below). Analysis: Perkin-Elmer Mercury
Analysis System Operating Oirections 303~3119,

Pycnometer method (wide mouth pycnometer)

Instructions for 124) and 1242 Adiobatle Colori-
meters, Manual No, 142, Parr Instrument
Company, Molinas, il

Detalis of the postlcl&e analytical procedure
are Included {ater In this appendix,

Samples were flltered through 0.45 micron
membrane filters to remove suspended solids
in preparation for measurement of soduble
parameters.
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Nitric acld reflux digestion procedure for mercury - A suitable sample volume
was placed In a 250 mi round EEttom flask and 10 m! of concentrated nitric
acid was added, The flask was then connected to a reflux condensor (about

60 ¢cm In length) and heated with a heating mantle causing the acid to reflex
gently. The mixture was heated for two hours before allowing It to cool

at room temperature. The cooled mixture was washed down in the column with
about 60-70 ml of distilled water. The sample was then filtered through
Whatman No. 42 paper to remove insoluble material and the filtrate was made
up to 100 m! with distilled water. A suitable aliquot was then analyzed

for mercury.

PESTICIDE ANALYSIS

Introduct lon

The method described here was used for the extraction and [solation of organo-
chlorine pesticldes and certalin polychlorinated biphenyl (PCB) mixtures

from stormwater and combined sewer overflow sludges. Thls method Is based on
EPA approved procedures with slight modifications to adapt it to (SO sludges.
The limit of detection was | ug/l for Arochlor related PCB's and the follow-
ing organcchliorline pesticides: BHC, lindane, heptachlor, aldrin, heptachlor
epoxlde, dieldrin, endrin, Captan, DDE, DDD, DDT, methoxychlor , endosulfan,
dichloran, mirex, pentachloronitrobenzyene and trifluralin,

The selected cleanup procedures permitted the analyst to eliminate certain
anticipated interferences and allowed for separation of analogs of Arochior
#1254, #1260, #1262, #4465, from organochlorine pesticide.

Summa

PCB's and organochlorine pesticides ware cosxtracted efther by 1lquid=liqulid
extraction or for samples of high sollds by mixing with anhydrous NasS0y

and soxhlet extraction. A combination of the standard Florisel column
cleanup and stliclc acid column chromatography were employed to separate
PCB's from organcchlorine pesticides (48). Identification was made with a
gas chromatograph equipped with an electron capture detector through the use
of two or more unlike columns. Further confirmation by chemical modification
using a microscale alkall treatment was used as recommended In the llterature

(49).

Interferences

L All glassware, solvents, reagents, and sampling hardware must be
demonstrated to be free of Interferences under the conditions of ana!ysis.
Therefore,all glassware was fired at 2309C after Lamberton et al. (50}.

2, Organochlorine pesticides and PCB's are mutually interfering. The
illlcic acid column cannot separate Arochlors #1224, #1242, #1248,
#5842 and #5460 completely from DDT and its analogs. (Early eluting
peaks from the Arochlors may occur in the polar eluate). For this reason
the use of the chemicai modification conflrmating technique was utilized
as recommended in the literature {(49),
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